Conventional vapour compression refrigeration system working with chlorofluorocarbon refrigerants will deplete the ozone layer, whereas joule Thomson refrigerators with a mixture of refrigerants will not detrimental to ozone layer hence it is more suitable for a green environment. The present paper discusses the selection of the appropriate mixture for Joule-Thomson refrigerator operating at 90 K in Gas Refrigerant supply (GRS) mode and its effect on the performance of the overall system. It is estimated that the optimization of mixture composition enhances the exergy efficiency from 31.4% to 34 % with a substantial increasein refrigeration capacity.
INTRODUCTION
Cryogenic refrigerators operating with mixtures as working fluids are gaining lots of interest in the recent past because of the absence of multistage compression units and many countries replaced the chlorofluorocarbon refrigerants with different mixture compositions [1] . In addition to this, the mixtures used in refrigeration and liquefaction systems have several advantages like high heat transfer coefficients in the heat exchanger and low-performance diminishing of the heat exchanger because of the longitudinal conduction. But all these are possible if the chosen mixture composition is appropriate [2] . Many methods are available in the literature to select the mixture composition for J-T refrigerators.
Alexeev and Quack [3] got the patent for the new gas mixture contains propane, nitrogen, methane, and ethane with different working pressure. Little [4] described a method to choose a mixture for LRS systems with more than four compositions with a temperature range of 130 to 150 K. Dobak et al [5] stated a method for the selection of mixture and its composition that are used in cryosurgical devices with a temperature range of 120 to 270 K. Keeping in view of cooling capacity of J-T Refrigerator, Boiarskii et al [6] stated two completely non similar objective functions to select an appropriate optimized mixture. Based up on the compressor suction and discharge pressure, Gong et al [7] proposed a complex optimization algorithm to select the optimized mixture composition in the range of 80 to 150 K. Ardhakapur et al [8] conducted experiments in a recuperative heat exchanger which is used to precook the refrigerated mixture used in the Joule-Thomson refrigerator. They analysed the temperature distribution along the length of the exchanger and changes in thermo physical properties of the gas mixture. Alexeev et al [9] developed computational model using Hextran software program to investigate the behavior of refrigerant mixture in the heat exchanger of a Joule-Thomson refrigerating system to optimize the design of heat exchanger. Later several researchers extended their studies experimentally and numerically for optimization of mixtures and their composition [10] [11] [12] [13] [14] . Few authors [3, 4] reported that a selection of mixture composition is done based on better performance and efficiency of the system. But they didn't disclose the values of efficiency in the literature due to because they are confidential patents. Venkatarathnam [2] Figure 1 shows the schematic diagram of cold section of Joule-Thomson refrigerator working with constituents as Nitrogen-Hydrocarbon mixtures. Point 1 represents the exit of the compressor. The high pressure refrigerant leaving the compressor rejects heat to the low pressure refrigerant exiting from the evaporator before it is expanded in a throttle device. Most of the exergy losses take place in the heat exchanger and throttle device of the J-T refrigeration systems [2] .
METHODOLOGY
By choosing the appropriate mixture composition these losses can be minimized, which in turn improves the exergy efficiency. Sequential quadratic (second order) programming method is used to optimize mixture constituents that are presented in the Tables 2, 3 and 4. All the simulations are done using Aspen plus [15] . The thermodynamic properties of the mixture are estimated using Peng-Robinson equation of state [16] .
Figure 1: Joule-Thomson Refrigerator Cold Section Operating in GRS Mode

Determination of Losses in Different Components of J-T Refrigerator
In the present analysis, sequential quadratic (second order) programming approach is used to increase the exergy efficiency. It is one of the successful methods to solve the problems, especially where non linearity exists [2] .
Thermodynamic modeling of exergy losses are stated below.
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M4 " 3 "" $ = 1100 − N 172 − N182 − N1922 (10) Table 1 gives the objective function, design specifications, design variables, constraints and constants that are used for optimizing the mixture composition. Pressure drops within the heat exchanger and evaporator are assumed to be zero. Compressor suction and discharge pressures are restricted to 4 bar and 20 bar respectively. The minimum temperature approach within the heat exchanger has been chosen as 3 K. All the simulations are carried out by assuming volumetric and exergy efficiencies (under adiabatic conditions) of the compressor to be 100%. Even though compressor efficiency 100% is not possible in reality but still it gives the approximate composition to be charged into the system for better overall efficiency. It is also common practice in literature to assume compressor efficiency to be 100% for the theoretical studies [2] .
RESULTS AND DISCUSSIONS
Case 1 The Tables 2, 3 provides the performance data of a Joule-Thomson refrigerator operating at 90 K for optimum mixture composition. A little amount of input exergy is used to meet the useful effect and exergy efficiency which is calculated by using equation
5.
From Table 5 it is observed that exergy efficiency of the system varies from 31.43% to 34% for all the three cases studied. Determination of exergy losses for each and every individual components also carried out by using the equations 7, 8 and 9. 
CONCLUSIONS
Refrigerators and liquefaction systems using pure nitrogen require very high discharge pressure in the range of 150 to 200 bars, but using the mixture of refrigerants the discharge pressure reduces to 20bar which reduces the work input very much. Optimization of mixture composition of a refrigeration system also improves the exergy efficiency. Good mixture composition ensures that pinch happens at the hotter end of the heat exchanger and inlet to the expansion valve in two-phase, such that exergy losses of these components can be minimized for example in case 3, by mixing the constituents like Nitrogen, Methane, Propane and Ethylene the exergy loss is reduced by 1.5 percent approximately. It is estimated that exergy efficiency attains a maximum value of 34%, for case 3 which is higher than the other two cases. It is also observed that variation of temperature is steady in case 3 whereas it varies randomly in the other two cases. 
